The spinal cord is a pathway for messages to and from the brain and other parts of the body. It has nerve cells called neurons that are divided into white matter, which has a fatty white coating called myelin, and gray matter. The spinal cord is protected by the bony spine. When the spinal cord is injured, the injury happens in two stages: the first of these is the actual injury where the cord is bruised or torn and the second is known as the secondary injury. The secondary injury includes a few different reactions that happen in the body because of the bruising and tearing. Spinal cord injuries can cause a person to lose feeling or use of their arms and legs, so scientists are working to find different ways of stopping or reducing the secondary injury to help people with spinal cord injuries recover better.
are sent by specialized nerve cells, called neurons (Figure 1 ). The neurons may also have a white fatty coating, known as the myelin sheath (my-uh-lin sheath), which helps the messages-like the pain from someone standing on your toe-to travel to the brain more quickly. Most of the neurons with myelin are found in an area of the spinal cord known as white matter and they surround the cells without myelin, which are located in the area called the gray matter.
If you look at a piece of spinal cord that has been cut (as a cross section, meaning a slice through the spinal cord, like you might slice a carrot or a hot dog to show the inside), the gray matter makes an "H" or butterfly shape inside the white matter ( Figure 2A ). The gray matter also contains most of the spinal cord blood vessels, which provide nutrients and oxygen to the neurons. Also important is the bony spine or backbone, which protects all the cells and structures of the spinal cord. This backbone, made up of smaller bones called vertebrae (ver-tuh-bray), keeps the spinal cord safe from any bashes and bangs. The vertebrae are organized into levels (cervical, thoracic, lumbar, and sacral), based on where they are in comparison to the head and the tail bone ( Figure 2B ). Each of these spinal cord levels controls the movement and feeling of a particular body area. The cervical level, closest to the head, controls the upper body, while the thoracic and lumbar segments are responsible for the lower body. As a result of these functional differences, spinal cord segments are different sizes and have different amounts of gray and white matter ( Figure 2C ).
Like any other part of your body, the spinal cord can be injured. Some people damage their spinal cords when they dive into a swimming pool that is too shallow for diving, or even in a traffic accident. When the spinal cord is damaged, the messages from the brain cannot travel to the rest of the body. Therefore, after a spinal cord injury, the brain may no longer be able to send messages to the legs and the affected person may lose his ability to walk. A higher injury, where the spinal cord is damaged closer to the neck (in the cervical level), may cause even more severe problems and some people are left unable to move their arms. Worst of all, the cells in the spinal cord are very sensitive, and this damage is often permanent, meaning it cannot be fixed.
Neurons
The specialized cells in the central nervous system.
Myelin sheath
The white fatty coating surrounding some neurons that helps the messages travel between neurons.
White matter
Central nervous system area composed of neurons covered with myelin sheath.
Gray matter
Central nervous system area made up of neurons not covered in myelin and the cell bodies (central part of the cells).
Vertebrae
The small bones that make up the bony spine.
figure 1
The structure of a neuron, the specialized cells of the brain and spinal cord. The neurons may also have a white fatty coating, known as the myelin sheath, which helps the messages travel to the brain more quickly. In the United States of America, it is estimated that there are about 906 people living with a spinal cord injury for every million people in the country. More than half of these spinal cord injuries are at the cervical level, and most people who get these injuries are aged between 15 and 30 when it happens [1] . However, it is important to remember that these numbers are changing over time. For example, as people are now living longer, there are bigger numbers of spinal cord injuries happening to older people when they slip or fall.
Since spinal cord injury has serious, and often permanent, consequences a lot of research has been done to try to discover ways to help people recover. While being safe-wearing seatbelts when traveling and not diving into shallow water-can help to prevent accidents, we cannot avoid all accidents and so we need to find ways to help people recover.
WHAT HAPPENS IN THE SPINAL CORD DURING INJURY?
A lot of important research on spinal cord injury has been done by two neurosurgeons, Dr. Charles Tator and Dr. Michael Fehlings [2] [3] [4] . They discovered that damage to the spinal cord continues after the initial accident, when the spinal cord is first torn and bruised upon impact (Figure 3 ). This means that, even after the injury, there are things happening in the spinal cord that increase the amount of damage. Together, these delayed events are known as the secondary injury. Therefore, the "primary" or first injury is what causes the damage to the spinal cord and the secondary injury is the body's response to this damage, which causes more harm.
Shortly after the initial injury, secondary injury begins when blood stops flowing to the cells in the spinal cord-this lack of blood flow is called ischemia (is-keem-ee-ah). Because many blood vessels-the tubes that carry the blood-are damaged by the injury, there is no more active blood flow to bring the oxygen and nutrients that neurons need to survive.
Ischemia
Reduced blood flow to cells that causes a shortage of oxygen and glucose. figure 2 The bony spine, made up of individual bones called vertebrae, protects the soft and sensitive spinal cord. A. Within the spinal cord, cells with myelin are found in the white matter, while those that lack myelin are found in the gray matter. The gray matter makes an "H" or butterfly shape inside the white matter. B. Spinal cord vertebrae are organized into distinct segments, with control over specific body parts. In humans, there are 8 cervical, 12 thoracic, 5 lumbar, and 5 sacral vertebrae. c. The spinal cord segments are also different sizes and have a distinct amount of gray and white matter. Without this, the still-healthy cells, which were unaffected by the primary injury, may also die. Ischemia can also cause the surviving neurons to lose their myelin (the fatty coating), making it harder for messages to be sent to the brain.
During secondary injury, the immune cells (cells of the body's defense system), which help to clean up the dead cells, can also cause more damage to the spinal cord. While this cleanup is important for recovery after spinal cord injury, the immune cells work for longer than they are needed, causing more harm by killing healthy neurons. The immune cells also release chemicals, including specialized molecules that send signals throughout the body, which bring even more immune cells into the injured area, making it harder for the body to heal itself. The immune cell activity and the release of their signaling molecules are jointly called inflammation (in-flam-ay-shun).
Another source of damage during secondary injury results from weakened neuron communication. Neurons communicate with each other by releasing specialized chemicals, referred to as neurotransmitters (new-ro-trans-mit-ers). After spinal cord injury, this neurotransmitter release goes haywire, causing too much release of these chemicals. As neurons are activated by neurotransmitters, they become overactivated (over-excited) and damaged. This type of neuron damage is called excitotoxicity (ex-syto-tox-iss-itty).
To summarize, initial spinal cord damage is worsened by secondary injury, which includes ischemia ( Figure 4A ), inflammation ( Figure 4B ), and excitotoxicity ( Figure 4C ).
Neurotrans mitters
Special chemicals that help neurons communicate, the chemical messengers of the nervous system.
excitotoxicity
Where neurons become damaged when too much of a neurotransmitter is released. figure 3 There are two phases of injury after damage to the spinal cord. The primary injury refers to the initial damage to the spinal cord, where the issue is torn and bruised upon impact. As the body tries to respond to the accident, secondary injury takes place and increases the amount of spinal cord damage. 
HOW MIGHT THIS HELP US TO TREAT INJURED SPINAL CORDS?
The good news is that the more that researchers understand about spinal cord injury, the better chance they have to find treatments that will improve recovery. One of the ways that surgeons try to reduce secondary injury is through early surgery. By removing pressure from the spinal cord as soon as possible, they can prevent some of the tissue damage that happens during second- ary injury. Researchers are also studying medicine that can be given to help stop some of the damaging effects of the secondary injury. But this treatment approach, called neuroprotection [5, 6] (new-ro-prot-ek-shun), can only be used for a short time frame after the initial injury. After extended periods of time, when neuron death has already happened, different treatment strategies are needed. Some researchers are looking at replacing the lost neurons by transplanting neural stem cells (stem cells are a type of cell in the body that are able to develop into different cell types, "neural stem cells" are stem cells which can develop into the different types of cell found in the central nervous system) [4, 7] , although a lot more research is needed before this can be safely applied in patients. Overall, the more scientists and doctors understand about spinal cord injury, the more ways we can find to help patients recover.
Neuroprote ction a process of protecting neural tissue from the secondary injury.
Neural stem cells
cells that are able to regrow themselves and develop into cells of the nervous system (such as neurons and glia).
